Abstract:
23 Germ cells deficient for Piwi and associated small RNA genome silencing factors 24 transmit a form of heritable stress that induces sterility after growth for several 25 generations. The cause of this transgenerational sterility phenotype is not understood 26 but has been attributed to progressive deterioration of heterochromatin and associated 27 DNA damage. Sterile small RNA genome silencing mutants displayed inconsistent 28 increases in DNA damage signaling but consistently altered perinuclear germ granules. lineage (Strome and Wood, 1982) . Core P granule proteins have been shown to play 111 redundant functions making it difficult to eliminate P granules (Updike et al., 2014 
127
We observed a significant increase in the fraction of germ cells with upregulated DNA 128 damage response for late-generation fertile prg-1 mutants (~3-fold) and sterile prg-1 129 mutants (~6-fold) when compared to either wild-type controls or to early-generation prg-130 1 mutants (Fig. 1a,b) . We also tested temperature-sensitive small RNA mutants and 131 found that the wild-type DNA damage response was upregulated in many cells by 132 growth at 25°C but that this level did not change in sterile rsd-6, nrde-2 or hrde-1 mutant 133 germlines (Fig. 1b,c) staining patterns in sterile but not fertile late-generation rsd-6 mutant siblings (Fig 2d-d' ).
145
We also found that sterile late-generation hrde-1 and nrde-2 temperature-sensitive 146 mutant germ lines displayed P granule defects (Fig 2c-c', S1 ), which were absent or 147 comparatively minor in fertile late-generation mutants that were close to the generation 148 of sterility (Fig. 2c-c' , S1, Table 1 ). When compared to wild-type controls, P granule 149 dysfunction in the sterile mutants ranged from a loss of P granules in a subset of cells to 150 varying amounts of P granule disorganization (Fig. 2, S1 ). Sterile hrde-1(tm200) mutant 151 animals displayed the most severe P granule phenotype, as the majority of sterile hrde-152 1 mutant germ cells exhibited little to no staining (Fig. S1 ). We also examined the nrde-2, late generation fertile rbr-2 animals did not exhibit obvious P granule defects, 157 while loss of P granules was observed in many germ cells at sterility (Fig. 2e-e' ).
158
Germ line atrophy occurs in some but not all prg-1 mutants as L4 larvae develop immunofluorescence, we observed a wide range of P granule defects that could be 174 identified in both sterile and fertile late-generation prg-1 mutant germ cells (Fig. 2b, S1 ).
175
Many germlines exhibited strong P granule dysfunction that either resulted in a total 176 absence of or an irregular distribution of P granules (Fig. 2b-b the oocyte univalents observed in response to P granule depletion by RNAi (Fig. 3c ).
214
At 25°C, some F1 pgl-1 mutants were fertile and gave rise to maternally depleted
215
F2 animals that were uniformly sterile. F2 L4 larvae had germline profiles that displayed 216 more severe germ cell proliferation defects than those of F1 L4 larvae, and day 1 adults 217 showed a striking 54% increase in empty germlines ( Fig. 3d ) (p=2.44E-05). Therefore,
218
germlines of F1 progeny of pgl-1 mutant mothers that were shifted to the restrictive 219 temperature mimicked the germ cell degeneration phenotypes of sterile small RNA 220 genome silencing mutants as L4 larvae matured into adults, whereas F2 generation pgl-221 1 mutant larvae displayed more pronounced germ cell proliferation defects.
222
We asked if the fertility of sterile 25°C F1 pgl-1 mutants could be restored by 1 mutant adults that were shifted to 20°C for several days had laid oocytes and dead 230 embryos, and that a few even gave rise to progeny (Fig. 3j ). In contrast, sterile pgl-1 231 mutant control adults that were kept at 25°C never gave rise to oocytes, dead embryos 232 or living progeny (Fig. 3j) 
360
We found that some sterile pgl-1 mutants could recover at permissive 361 temperature, resulting in growth of the germline and fertility (Fig. 3i-j collection. Univalents were scored by counting DAPI bodies in the -1 to -4 oocytes.
421
Germline profiles were scored using the method outlined in Heestand et al 2018
422
(Heestand et al., 2018).
424
Statistical Analysis
425
Statistical analysis was performed as previously described (Heestand et al., 2018).
426
Briefly, statistical analysis was performed using the R statistical environment (R Core 
RNA-seq Analysis

442
The following publicly available RNA-seq datasets were download from the Gene Technology). This antibody has only been shown to stain a DNA damage response in 482 the germline and was used as previously described (Vermezovic et al., 2012 
752
Sterile small RNA genome silencing mutants were stained with P granule antibody.
753
Germlines arms were semi-qualitatively scored for P granules. If at least 20% of the arm 754 was missing P granules if was scored as loss and if 80% or more of the arm contained 755 P granules on DAPI-stained nuclei it was considered normal. Statistics were performed 756 using Fishers exact test. 
